Tight glycemic control is critical to the care of diabetic patients, especially to prevent complications such as cardiovascular disease.
1 It is recommended that blood glucose levels be measured up to eight times a day, which usually requires finger pricking coupled with strip-test type glucometer measurements. However, in practice, patients may not follow these recommendations, and this might be largely due to the accumulated pain from the repeated finger pricks and blood collection.
Among efforts to devise noninvasive methods to monitor blood glucose levels, tear glucose measurements are a unique alternative and has been investigated since the 1950s.
2 Though a number of studies have demonstrated a correlation between tear and blood glucose, discrepancies still exist between various sampling techniques and methodologies.
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Herein, we describe two needle-type miniaturized enzymatic amperometric and coulometric glucose sensors that are employed in conjunction with a glass capillary (0.58-0.84 mm i.d.) to collect micro-liters of tear fluid. The sensors are similar to that developed by Bindra et al. 6 for subcutaneous glucose measurements and are based on immobilizing glucose oxidase on a Pt/Ir wire and anodically detecting the liberated hydrogen peroxide from enzymatic reaction. Inner layers of Nafion ® and an electropolymerized film of 1,3-diaminobenzne/resorcinol greatly enhance the selectivity for glucose over known electroactive interferents, including ascorbate, urate and acetaminophen. The amperometric sensor design measures steady-state current that is proportional to the concentration of glucoses in sample. With such sensor configuration, 5 µL of tear fluid is collected into the capillary (0.84 mm i.d.), and the sensor is capable of achieving a wide dynamic range (10-800 µM) and a very low detection limit of 0.62±0.03 µM, S/N=3) 7 .
Furthermore, a more sensitive coulometric electrode design with a similar configuration but employing a larger sensing surface area for enhanced glucose consumption is capable of measuring even lower levels of glucose, down to 0.39±0.08 μM (S/N=3) within a glass capillary tube (0.58 mm i.d.) containing 3 μL of sample. The coulometric sensor measures the total amount of charge that occurs due to near depletion of all glucose in the capillary sample. Ultimately, with further enhancement in design, this approach may not require any sensor pre-calibration, provided that a reproducible and constant volume of tear fluid can be sampled.
Both the amperometric and coulometric designs are applied independently to detect tear glucose in anesthetized rabbits with either insulin or glucose administration to reach a wide dynamic range of glucose values (1-18 mM blood glucose levels, monitored with commercial radiometer). The tear fluid is sampled using a micro glass capillary from both eyes at the meniscus of lower eyelids without inflicting any damage to the eye. For each animal, a significant correlation between tear and blood glucose levels was found (see below for a fitted least-squares linear regression for amperometric measurements in 12 anesthetized rabbits),
The data indicate that electrochemical measurements of tear glucose do correlate with blood glucose, but the ratio of the two values are different for each animal. Hence, the use of tears as an alternate sample to assess blood glucose in human subjects will likely require that the ratio of glucose in tears and blood be established first for a given individual, so that the appropriate algorithm can be employed to report values that more closely reflect the true blood levels present. Ongoing research to employ a larger planar electrode configuration combined with a microplate sample holder is likely to enable measurement in 1 µL of fluid in a thin layer electrochemical cell configuration.
Such low volume device would be more suitable for routine tear glucose measurements in humans, and this should provide a convenient measurement system to aid researchers interested in further investigating the clinical utility of tear glucose measurements as an alternate to blood measurements.
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